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During  recent  years,  in  applied  climatology  for  the  ob- 
tainment  of  various  kinds  of  regime  characteristics,  the  calcu¬ 
lation  methods  have  become  popular.  On  the  one  hand,  this  is 
explained  by  the  lack  of  reliable  observations  on  certain  met- 
erological  elements  for  a  sufficiently  prolonged  period,  and 
on  the  other  hand  by  the  necessity  of  satisfying  the  require¬ 
ments  of  the  practice  and  computing  the  climatic  parameters 
in  the  values  which  can  not  be  obtained  from  the  direct  dis¬ 
crete  observations. 

In  the  present  report,  we  consider  the  application  of 
the  calculation  methods  for  obtaining  the  regime  features  of 
continuous  duration  of  wind  speeds. 

For  the  calculation  of  the  spatial  variation  in  the  con¬ 
tinuous  duration  of  wind  speeds,  of  great  Importance  is  an  allow¬ 
ance  for  the  local  condition's  of  the  location  of  the  observation 
points  (extent  of  protection,  relief,  vegetative  cover  and  sev¬ 
eral  other  factors).  As  a  whole,  these  conditions  exert  a  more 
significant  influence  on  the  conditions  of  wind  speeds  than  the 
latitudinal  position  of  the  observation  points. 

The  direct  interpolation  of  the  hourly  data  (which  are 
available  in  a  limited  quantity)  for  obtaining  the  pertinent 
regime  features  for  the  points  not  having  hourly  observations 
will  involve  appreciable  errors  In  connection  with  the  high 
deviations  of  the  interpolated  values  as  compared  with  the  true 
(actual)  distribution.  In  such  cases,  the  application  of  the 
calculation  method  permits  us  to  obtain  a  higher  accuracy  of  the 
data . 


The  continuous  duration  of  wind  speeds  above  or  below  a 
specific  level  is  characterized  by  an  average  and  maximal  con¬ 
tinuous  duration,  and  also  by  a  probability  of  duration  by  grad¬ 
ations.  All  of  the  above-listed  characteristics  can  be  obtained 


A 
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by  the  calculation  method  based  on  the  regular  interrelationship 
of  the  various  wind  parameters. 

For  obtaining  the  average  continuous  duration,  we  have 
utilized  the  previously  established  relationship  [1]  of  this 
parameter  with  the  frequency  of  discrete  values  of  wind  speeds 
which  can  be  obtained  according  to  the  data  in  Spravochnlk  po 
klimstu  S3SR  (Handbook  on  USSR  Climate),  Part  3  (Wind)  for  a 
large  number  of  stations. 

An  analysis  of  the  hourly  observations  of  28  stations 
permitted  us  to  differentiate  this  relationship  with  reference 
to  a  varying  level  of  speeds  (  ^  2,  ^  4,  >5,  >8,  >12,  >16 
and  >20  m/sec)  for  the  conditions  of  an  open  level  area. 

In  Table  1,  we  have  indicated  the  values  of  the  average 
continuous  duration  for  the  specific  levels  of  wind  speed.  The 
accuracy  of  the  indicated  values  will  fluctuate  within  the  lim¬ 
its  of  +1  hour. 


Table  1. 

(Caption  on  next  page) 


-2- 


Average  Continuous  Duration  {Fours)  of  Indicated 
Limits  of  Wind  Speeds  at  Their  Specific  Frequency 


The  value  of  the  average  continuous  duration  increases 
with  an  increase  in  frequency  of  any  given  wind  speed, indepen¬ 
dent  of  the  location  of  the  station.  However,  the  influence  of 
the  local  conditions  of  the  points  is  reflected  on  the  value  for 
the  frequency  of  small  wind  speeds  2  and  <  m/sec),  and 
through  it  also  on  the  continuous  duration  of  these  speeds,  which 
increases  in  the  well-expressed  river  valleys. 

For  the  wind  speeds  2  and  ^  4  and  ^5  m/sec,  the  data 
concerning  the  value  of  the  average  continuous  duration  are  pre¬ 
sented  by  seasons  of  the  year. 

The  presentation  of  the  data  by  seasons  affored  the  possi¬ 
bility  of  decreasing  the  effect  of  random  errors,  in  which  we 
retained  the  typical  features  of  the  seasons.  However,  the  data 
do  not  always  correspond  precisely  to  the  calendar  seasons  <=  In 
the  given  case,  the  seasonality  is  dex’ined  more  correctly  not  by 
the  calendar  dates,  but  by  the  pattern  of  any  given  atmospheric 
processes.  For  example,  in  Magadan,  Krasnoyarsk  ana  Khabarovsk, 
the  regime  of  the  wind  speeds  5  m/sec  in  March  progresses  as  in 
winter;  the  regime  of  the  same  wind  speed3  in  Ozernyye  Klyuchi, 

B.  Yelani  and  Chita  in  May  already  has  a  summer  character. 

For  the  obtainment  of  the  stochastic  characteristics  of 
the  continuous  duration  of  wind  speeds,  we  utilized  the  method 
of  the  straightening  and  superposition  of  the  integral  distri¬ 
bution  curves  of  the  form 


P 


(Xssx)  =  t 


where  P  (X  ^x)  «  the  probability  that  t_he  random  value  of  X 
will  exceed  the  assigned  value  of  x;  x/x  *  the  ratio  of  the 
prescribed  amplitude  of  the  random  value  to  its  average  value. 


A  detailed  Justification  of  the  application  of  such  a 
type  of  climatic  processing  has  been  presented  in  the  report 
[2],  The  distribution  curves  of  the  continuous  duration  of 
wind  speeds  have  beon  straightened  and  superposed  by  construc¬ 
ting  them  in  semibilogarithmic  coordinates: 


(ig-f-  and  lglg-pp^))  • 
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The  integral  curves  were  constructed  by  totalling  the  frequency 
of  a  definite  limit  of  wind  speed  from  the  high  values  of  limits 
of  continuity  to  the  lower  values. 

In  the  construction  of  the  distribution  curves,  we  took 
into  account  the  modal  value  of  frequency  of  continuity  limits, 
in  which  we  differentiated  the  cases  with  the  mode,  falling  in 
the  hourly  range,  and  the  cases  with  a  mode  of  more  than  an  hour. 

An  analysis  of  the  derived  distribution  curves  of  con¬ 
tinuous  duration  of  wind  speeds  confirms  the  absence  of  signi¬ 
ficant  differences  in  the  distribution  curves  both  for  the  var¬ 
ious  points,  limits  of  wind  speeds  as  well  as  for  the  seasons. 

This  signifies  that  the  distribution  curves,  varying  to 
some  extent  or  other  from  season  to  season  or  from  point  to 
point,  or  fino-iv  from  the  wind  speed  values  themselves,  cor¬ 
respond  to  one  distribution  law,  in  which  only  the  numerical 
parameters  vary. 

Based  on  the  nature  of  the  distribution,  it  seems  feasible 
to  us  to  segregate  the  following  typical  distribution  curves  of 
continuous  duration  (see  Pig.  1): 

type  I —  plains  type,  typifying  the  distribution  of  con¬ 
tinuous  duration  of  various  speed  limits  for  the  conditions  of 
an  open  level  locality  with  a  mode  equalling  one  hour; 

type  II — plains  type  with  the  mode  greater  than  one  hour, 
in  which  we  can  distinguish  two  subtypes:  a-  basic  plains  type, 
b-  plains  type  with  low  average  speeds . 

The  difference  in  the  subtypes  a  and  b  consists  In  the 
fact  that  the  entire  curve  b  corresponds  to  a  greater  variation 
in  the  continuous  duration  of  definite  speeds. 

The  distribution  curves  with  a  mode  occurring  in  the 
continuity  range  of  more  than  an  hour  are  constructed  in  most 
cases  for  the  wind  speeds  exceeding  12  m/sec  based  on  quite 
limited  data.  Per  such  speeds,  we  typically  find  an  abrupt 
reduction  in  observations,  which  In  turn  greatly  increases  the 
influence  of  random  errors.  In  these  Instances,  we  can  utilize 
the  type  I  distribution  curve,  since  the  divergence  from  the 
factual  data  will  occur  only  in  small  ranges  of  continuity. 

For  the  solution  of  the  practical  problems,  of  maximum 
interest  are  the  ranges  of  high  gradations  of  continuity,  and 
they  can  be  derived  more  reliably  from  the  curve  of  type  I. 
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Pig.  1.  Integral  Distribution  Curves  of  Probabilities 
of  Continual  Duration  of  Wind  Speeds.  Type  I  -  plains 
type  (top  drawing).  Type  II  -  valley  type  (lower  draw¬ 
ing).  a-  basic  plains  type,  b-  plains  type  with  low 
average  wind  speeds.  xass^gn/xav  *  ratio  of  assigned 

level  of  random  value  to  its  average  value  <2  <  ij 
^  5,  etc.  *  wind  speed  in  m/sec,  § * 


The  use  of  the  method  of  construction  of  generalized  dis¬ 
tribution  curves  penults  us  to  reduce  the  error  of  probability 
(  0^),  especially  in  case  of  a  small  volume  of  selection. 

In  Table  2,  we  present  a  comparison  of  the  probability 
errors  (  crD)j  of  the  continuous  duration  of  wind  speed  in 
the  utilization  of  actual  data  by  individual  station  with  the 
corresponding  probability  error,  computed  on  the  basis  of  the 
generalized  typical  curve  (type  I,  Pig.  1). 
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The  probability  error  is  calculated  as  the  dif¬ 

ference  0"p  of  the  actual  (according  to  the  available  number  of 
cases)  and  based  on  the  generalized  typical  (standard)  curve, 
wherein  the  symbols  +  and  -  at  Zi <r  indicate  respectively  the 

excess  of  the  actual  error  over  the  computed  value,  and  vice 
versa. 

•  As  Is  evident  from  the  data  in  Table  2,  at  a  value  of 
selection  more  than  50  cases,  the  utilization  of  the  actual 
data  provides  satisfactory  results.  In  a  sampling  of  less  than 
50  cases,  the  utilization  of  the  calculation  method  becomes  more 
effective. 


This  provides  a  basis  for  recommending  the  use  of  the 
calculation  method  not  only  in  the  absence  of  interesting  in¬ 
formation  on  the  continuous  duration,  but  also  in  the  presence 
of  factual  data  obtained  on  the  basis  of  extremely  limited  sam¬ 
ples  . 


-6- 


BIBLIOGRAPHY 


[l]  Aoifioota,  T.H.,  "Calculating  the  Characteristics  of  Continuous  Dtmiion 
of  Wind  Spood,"  Trudy  NIIAK.  Ho.  37,  1966. 

[z]  Marebaokc,  A*S.,  and  Anisiowra,  T.N.,  "Contribution  to  Question  of  Clia~ 

4 

atologicul  Processing  of  the  Ohserrational  Data,"  Trudy  hitmt^  Ho.  25 

1964.  ”* 


Ifcae  of  stations 


iktyubinaJ: 

idler 

B.  Telan* 

Byictmi 

Voxanesh 

Wison  I. 

Irkutsk 

SB. 3*2 1 

Xol'taovD 

tier 

Ereaslc 

t*a«oyanir 

iarak 

fcwnodar 


m 


uar  cp  afinoHs 


SSKjWE?  I 


location 


Bsec  of  stations 


-ocati-j; 


Rain 

Valley 

Valley- 

Rain 

Rain 


Vail «y 
Plain 
Vallay 
Plain 
Valley 
« 

Rain 

Valley 


15.nsk 
Ifagadai 
i&gdagechi 
Bores  sibirsk 

Odessa 

Onsk 

Ozemyye  Brnriii 
%ictyr4»r 
dial  ,sk 
Ehafcarorsk 
Jbar'JojT 

Chita 

Sfcosaeynejr* 

Takutsk 


Rain 

Vttlery 

II 

Plain 


wiisr 

Plain 

0 

0 


Valley 

Plain 


APPROXIMATE  CALCULATION  OP  WIND  SPEED  IN  THE  100  METER  ATMOSPHERIC 
SURFACE  BOUNDARY  LAYER  FOR  THE  CENTRAL  REGIONS  OF  EUROPEAN  USSR 
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The  territory  under  consideration  in  the  central  regions 
of  the  European  USSR  territory  occupies  the  Yaroslav,  Kalinin, 
Moscow,  Vladimir,  Snolensk,  Kaluga,  Ryazan*  and  Tula  oblasts. 

In  nature  cf  relief,  this  territory  is  uniform  and  comprises 
a  slightly  broken  plain  with  a  series  of  individual  uplands, 
including  the  Central  Russian,  Smoleno-Hcscow  and  Valday.  A 
large  part  of  the  territory  is  situated  in  the  forest  zone, 
and  the  forest-steppe  is  found  only  to  the  southeast  of  the 
Oka  River. 


As  is  known,  the  vertical  profile  of  wind  speed  in  the 
boundary  layer  of  the  atmosphere  depends  significantly  upon  the 
roughness  of  the  subjacent  surface,  the  temperature  stratifica¬ 
tion  and  the  actual  wind  speed. 

In  the  present  report,  for  the  description  of  the  varia¬ 
tion  in  the  wind  speed  with  height  in  the  100-meter  air  layer, 
we  have  used  a  comparison  of  wind  speed  based  on  the  wind  vane 
of  a  separately  selected  station  with  a  speed  at  a  height  of 
IOC  m  based  on  the  pilot-balloon  or  radi jsonde  data  taken  from 
the  charts  in  conformity  with  the  location  of  the  station. 

On  the  basis  of  the  studies,  we  have  included  data  on 
the  average  speeds  of  wind  and  frequency  at  77  stations  on  the 
ground  In  the  central  regions,  seven  pilot-balloon  stations  and 
18  stations  (USSR  territory)  of  the  radiosonde  observations. 

For  the  list  of  aerological  stations,  refer  to  Supplement  2. 

The  data  from  the  ground  stations  pertain  to  the  period  1936- 
1960;  the  aerological  data,  1930-1952  (pilot  balloon)  and  1959- 
1963  (radiosonde). 


The  description  of  the  location  of  stations  based  on  the 
standard  system  developed  by  S.  A.  Sapozhnikova  [10]  has  been 
presented  in  the  section  on  climate  of  the  UGMS  of  the  Central 
Regions  by  L.  D.  Solov'yeva  under  the  supervision  of  P.  B. 

Shekhtman.  Ye.  Yu.  Kim  participated  in  the  calculation  of  the 
tables  included  in  the  text. 

In  the  process  of  formulating  the  description  of  the 
stations'  location  based  on  the  standard  system  [10]  (refer  to 
Supplement  1),  the  necessity  was  indicated  of  making  certain 
refinements.  Thus,  In  column  4,  explaining  the  landscape  of 
the  locality,  the  swampiness  "B"  is  refined  further.  In  addi¬ 
tion,  in  the  description  of  the  macro-  and  meso-roughness ,  we 
introduce  additionally  the  column  "extent  of  forest  cover,  ex¬ 
tent  of  builtup  area" — ZL,  ZS.  In  this  connection,  the  lower 
index  at  the  conventional  notation  ZL,  ZS  characterizes  in 
points  the  part  of  the  area  occupied  by  woods  or  buildings, 
of  the  total  area  with  a  radius  of  1G  km. 

Part  of  Area  Points 

0  to  1/4  1 

from  1/4  to  3/4  2 

from  3/4  to  1  3 

The  exponent  at  the  conventional  notation  Indicates  the  /72 
point  evaluation  of  the  height  of  trees  cf  buildings. 

Height  Points 

Less  than  10  m  1 

More  than  10  m  2 

(In  either  case,  point  1  Is  dropped). 

In  the  description  of  a  water  basin  (reservoir),  we  have 
Introduced  the  column  "Form  of  shoreline": 

Form  of  shoreline  Conventional  symbols 

Cape  M 

Gulf  Z 

In  the  description  of  the  relief,  we  have  Introduced 
the  additional  form,  i.e.  the  lowland  "N". 

t  Based  on  the  description  of  the  location  of  each  of  the 

77  stations,  we  have  accomplished  a  standardization  of  location. 
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All  the  stations  are  classified  according  to  the  zonal  features 
of  the  location  (the  forest  and  forest-steppe),  upon  the  local 
extent  of  protection  (open  and  protected),  based  on  the  relief 
form  (level  location,  elevated  points,  hill,  slope,  valley, 
straight  valley,  depression,  etc.),  proximity  of  water  basin 
(reservoir,  lake)  and  shape  of  shoreline  (cape).  In  addition, 
in  the  standardization  we  have  separately  classified  the  forest 
glade  and  the  urban  conditions.  In  the  grouping  of  the  stations 
based  on  these  characteristics,  we  have  taken  into  consideration 
the  average  annual  wind  speed  and  the  diurnal  amplitude  of  wind 
speed  in  July  lr13/ v,)  • 


In  connection  with  the  fact  that  the  heights  of  the  wind 
vanes  at  the  meteorological  stations  vary  from  8  to  26  m,  in  the 
standardization  for  the  comparability  of  the  data,  the  difference 
in  the  heights  was  compensated  by  multipxication  times  the  appro¬ 
priate  factor  computed  on  the  basis  of  the  logarithmic  formula 
at  z  *  1  m.  In  this  manner,  the  z  *erage  speeds  were  reduced 

to  the  height  of  10  m.  As  a  result  of  the  standardization,  we 
derived  the  generalized  estimations  of  the  indexes  of  the  wind 
regime  in  the  basic  types  of  location  which  are  listed  in  Table 
1.  As  is  evident  from  the  data  in  the  table,  independently  of 
the  conditions  of  the  extent  of  cover,  the  average  annual  wind 
periods  will  Increase  from  the  concave  relief  forms  to  the  con¬ 
vex  forms,  and  reach  the  maximum  values  (4—4.7  m/sec)  in  the 
places  situated  near  the  water  bases.  The  Index  of  the  char¬ 
acteristic  of  the  diurnal  pattern  of  wind  speed  In  July  v^/Vj 
has  a  reverse  pattern,  i.e.  the  maximum  values  occur  In  the  de¬ 
pressed  points  (depression,  forest  glade),  while  the  lowest 
values  (0.9-1. 4  m/sec)  are  found  on  the  elevated  points  and 
near  the  water  basins.  The  line  which  is  segregated  in  the 
protected  conditions,  oriented  in  the  direction  of  the  preval¬ 
ent  winds,  has  average  Indexes  of  the  wind  regime  close  to  the 
convex  relief  forms  (hills,  slope),  wherein  the  speed  is  even 
slightly  higher  (3.6  m/sec). 

For  the  approximate  description  of  the  variation  in  wind 
speed  with  height  in  the  100-m  layer,  we  calculated  the  ratios 
of  wind  speeds  at  heights  of  100  ra  to  the  wind  speed  at  10 


1 


CD 


The  average  wind  speeds  at  a  height  of  10  re  are  taken  from  the 
wind  vane  of  individual  stations,  wherein  for  comparability 
with  the  aerological  data,  they  are  calculated  as  an  average 
from  the  observations  at  0700  and  1900  hours. 
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Table 


Average  Annual 
in  July  in  the 


Wind  Speed  (v„ear)  and  Diurnal  Amplitude  of  Speed 
Basic  Types  or  Station  Locations  (UGMS)  of  the 
Central  Observatory 


felicf  fMfem 


wrmBT 

M 

Is 

i.» 

2.3 

2.9 

3.2 

3.3 

3.1 

3.5 

2.3 

4.0 

2.2 

4.7 

2.9 

4.1 

1.4 

4.7 

•.5 

3.1 

2.4 

2.2 

2.9 

2.3 

2.3 

3.2 

1.3 

3.* 

3.7 

3.2 

2.3 

3.3 

2.4 

3.4 

2.4 

3.4 

1.9 

4.9 

2.2 

4.7 

2.0 

3.1 

2.1 

♦.» 

2.2 

•a 

2.1 

Tarast 


;  I«ral  locality, 
lbrtct 


^Sg.’jSEu:  :: 

*»w  of  jinx.. 


0**-- 
laawl  locality.. 


Bin . 


lad  lMdi 

Hi 

VAm 


laaalita-. . 

mt  foist*..... 

JmlUami 


Wl^.L 
BUI,  slop*. 


For  the  calculation  of  R,  the  average  speeds  at  a  height 
of  100  m  for  all  77  stations  of  ground  observations  are  taken 
from  the  charts  compiled  by  us  on  the  basis  cf  the  elis-arciogi- 
cally  generalized  pilot-balloon  data  of  three  stations  (Moscow, 
Vologoye,  Smolensk),  situated  in  the  territory  under  conside¬ 
ration,  and  four  stations  (Vologda,  Gor'kiy,  Orel ,  Velikiy*  UAdJ 
in  the  adjoining  territory. 

As  a  result  of  the  calculation,  we  derived  the  annual 
pattern  of  the  R-values  under  various  conditions  of  location 
in  the  plains  and  hilly  regions  of  the  Central  oblasts  (Table 
2).  As  is  evident  from  the  data  in  Table  2,  the  R-values  are 
higher  in  the  forest  zone  than  in  the  forest-steppe  zone,  and 
higher  under  protected  conditions  than  in  the  exposed  ones. 

The  maximum  values  of  the  ratios  for  ft  (3-0-3. 5)  are  noted  in 
the  forest  glades,  in  the  places  protected  by  buildings,  and 
in  the  depressions.  The  lowest  values  fo^  R  (1.1-1. 2)  are 
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•Values  Under  V-.rious  Conditions  of  Terrain  ir.  Tlr.in:;  and  Hilly  He- ion 


Table 


The  displacement  in  the  R-maximum  at  the  end  of  summer 
(August)  is  evidently  explained  by  tne  fact  that  we  utilize  the 
observation  hours  0700  and  1900,  when  owing  to  the  late  sunrise 
and  the  early  sunset,  there  is  expressed  more  distinctly  than 
in  June  and  July  the  weakening  of  the  turbulence  associated  with 
the  temperature  inversions. 

The  variation  in  the  course  of  a  2^-hcur  period  of  the 
wind  profile  in  the  100-neter  layer  can  be  regarded  as  a  func¬ 
tion  of  the  wind  speed  at  the  height  of  100  m  and  of  thermal 
stratification.  Moreover,  R  is  established  directly  by  the 
wind  speeds  at  heights  of  10  and  100  in. 

The  pnases  of  the  diurnal  pattern  do  not.  coincide  it  the 
height  of  10  and  100  m.  While  at  a  height  of  ]0  m,  the  minimum 
of  speed  occurs  in  the  night  hours,  while  the  maximum  occurs  in 
the  daytime  hours,  at  a  height  of  100  m,  the  maximum  is  recorded 
in  the  night  hours,  while  the  minimum  occurs  in  the  morning 
hours . 

In  Figs.  1  and  2,  we  have  presented  the  ratios 

P=  Hh/R,  (2) 

where  =  the  ratio  oiT  speeds  in  the  daytime  (Fig.  1)  and 
nignt  (Fig..  ?>  hours,  R  =  the  average  ratio  of  speeds  for  a 
2U  hour  period. 

For  the  construction  of  the  curves,  we  have  utilized  th^ 
data  fr >m  the  radiosonde  observations  from  12  stations. 

As  is  evident  in  Figs.  1  and  2,  to  a  known  extent  the 
P  -value  depends  cn_R.  During  the  daytime  hours,  ^decreases 
with  an  increase  in  "R.  During  the  night,  on  tne  other  hand,  it 
increases.  Moreover,  p  varies  in  its  annual  pattern.  In  the 
night  nours,  p  increases  from  winter  to  summer,  and  on  the  other 
hand  in  the  daylight  hourj,  it  decreases.  Utilizing  the  de¬ 
rived  dependence  of  p  on  R,  we  obtained  an  approximate  charac¬ 
teristic  of  the  values  in  the  nocturnal  and  daytime  hours  for 
the  various  types  of  location  (Tables  3,  *0 .  The  data  presented 
in  Tables  3  and  A  indicate  that  the  maximum  differences  in  R 
during  the  night  hours  from  the  daytime  hours  occur  in  the  sum¬ 
mer  period.  In  winter,  the  difference  in  R  at  night  as  compared 
with  day  are  nor  significant,  and  comprise  0.2-0. 4.  However, 
in  summer  these  differences  are  great,  especially  under  the 
protected  conditions,  where  the  R-values  during  the  night  houis 
exceed  by  more  than  twice  the  daytime  values  (forest  glade,  ur¬ 
ban  protected  conditions).  It  should  be  remarked  that  In  the 
annual  pattern,  the-  R-values  during  the  night  hours  have  a  con¬ 
siderable  range  (1.2-1. 4  *  level  area*  2.0-2. 2  =  forest  glade, 
depression),  while  during  the  daytime  hours,  the  range  of  the 
annual  pattern  is  slight,  around  0.2-0. 4,  and  only  under  the 


protected  conditions  does  it  reach  0.8.  Although  the  annual 
pattern  for  R  is  slight  during  the  daytime  hours,  for  almost 
all  types  of  locality,  we  can  detect  a  decrease  in  R  at  the 
end  of  spring  and  the  beginning  of  summer. 

Such  a  pattern  of  the  calculated  R-values  is  confirmed 
by  the  data  obtained  directly  from  the  radiosonde  observations 
for  the  Dolgoprudr.aya  Station  (Table  5),  which  is  located  on  a 
level  place,  but  surrounded  by  forest  and  structures  at  a  dis¬ 
tance  of  50-500  m. 
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Table  5 

R-Values  at  Various  Hours  of  the  Day  for  the  Dolgoprudnaya  Station 
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4.3 
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5.5 

6.2 

♦.8 

3.2 
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The  derived  relationships  of  wind  speeds  on  an  average 
for  2k  hours,  during  the-  night  and  daytime  hours  provide  the 
opportunity,  if  we  have  the  average  wind  speed  at  t.he  wind  vane 
height,  of  calculating  the  wind  speed  at  a  height  of  100  m  de¬ 
pending  on  the  features  of  the  location  and  with  allowance  for 
the  diurnal  pattern. 

In  addition,  these  relationships  permitted  us  to  utilize 
them  for  an  approximate  description  of  the  wind  speed  at  a  height 
of  50  m.  For  the  calculation  of  the  wind  speed  pc  this  height, 
we  used  the  power  formula  of  the  variation  in  vJ.nd  speed  with 
height 


In  report  [3]>  it  was  shown  that  the  wind  profile  up  to  H  -  200- 
300  m  is  approximated  somewhat  more  accurately  with  the  aid  of 
the  power  function  of  height  than  with  the  aid  of  the  logarith¬ 
mic  function.  The  exponent  m  of  the  power  function  was  regarded 
by  us  a  function  not  only  of  the  thermal  stratification  but  also 
of  the  features  of  the  underlying  surface.  The  values  of  the 
exponent  m,  both  on  an  average  lor  a  day  as  well  as  for  the 
day  and  night,  was  determined  on  the  basis  of  R.  Substituting 
the  derived  n;-values  into  the  power  equation,  we  calculated  R 
for  day,  night  and  on  an  average  for  2k  hours  at  a  height  of 
50  m  (Tables  6,  7,  and  8).  For  verifying  the  magnitude  of  the 
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values  derived,  the  latter  were  compared  with  the  calculated 
data  [8]  according  to  the  Laykhtman  formula: 

~t  =  !^ 5ff*  at  zo  =  °*05  and  3  cm  (*} 

for  an  open  level  place  at  a  latitude  of  45-50°.  A  comparison 
indicated  that  the  magnitude  of  the  ratios  agrees  well  with  the 
data  i"  Tables  7  and  8  for  a  level  place  in  the  forest-steppe, 
and  this  permits  us  to  recommend  them  in  a  first  approximation 
for  practical  utilization. 

In  the  present  paper,  we  have  examined  the  question  of 
the  employment  of  the  average  wind  speeds  for  obtaining  the 
maximal  speeds  at  a  height  of  100  m.  For  this  purpose,  we 
applied  the  graphic  method  (adopted  in  climatology)  of  the 
smoothing  and  extrapolation  of  series  of  observations  based 
on  the  grid  (network)  developed  by  L.  Ya.  Anapol'skaya  and 
L.  S.  Gandin.  According  to  the  data  of  18  stations  of  radio¬ 
sonde  observations,  we  constructed  the  distribution  curves  of 
wind  speed  based  on  the  wind  vane  and  at  a  height  of  ICG  m. 

It  turned  out  that  the  angle  of  inclination  to  the  axes  of  the 
coordinates  for  the  distribution  curve  of  wind  speed  at  a  height 
of  100  m  differs  from  the  inclination  angle  at  the  Earth — the 
line  runs  more  evenly — therefore  at  high  speeds,  the  distriba-  /S3 
tion  lines  converge,  and  this  Indicates  a  relatively  decreased 
variation  in  the  wind  speed  at  a  height  of  ICO  n.  This  is  pos¬ 
sibly  the  result  of  the  varying  scale  in  the  averaging  of  the 
data  (of  the  anemometer  and  the  radiosonde).  With  the  aid  of 
the  distribution  curves,  for  18  stations  we  establish. the  re¬ 
lationship  of  frequency  of  high  wind  speeds  to  the  average 
speed  (Fig.  3).  This  graph  illustrates  well  the  differences 
in  the  variation  of  speeds  at  the  heights  of  10  and  ICC  at,  which 
increase  in  proportion  to  the  increase  in  the  soeed.  Thus,  the 
probability  curves  of  speed  ^-7  m/sec  at  these  heights  are  an 
extension  of  each  other.  However,  the  lines  characterizing  the 
increase  in  the  probability  of  speed  ^  1C,  15,  20  ts/sec  at  a 
height  of  100  m,  located  below  the  corresponding  lines  cased 
or  the  wind  vane,  which  is  a  manifestation  of  the  decrease  in 
the  variation  of  wind  speed  with  height.  Based  on  the  data 
from  this  curve,  we  constructed  c.  nomogram  i'oi  calculating  the 
maximal  wind  speeds  at  a  height  of  100  a  (Fig.  4).  Eased  on 
this  nomogram,  we  can  determine  the  maximal  wind  speed  at  a 
height  of  100  m,  provided  that  we  know  the  average  wind  speed. 

In  conclusion,  we  should  state  that.  In  spite  of  tne 
approximation  of  the  calculations,  the  data  presented  testify 
to  a  considerable  variation  in  the  wind  profile  in  the  lower 
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iCO-neter  layer  tot'r.  in  spice  .•‘rj  in  tiae.  7ne  variation 
the  R- value  in  the  territory  anjar  consideration  tot?,  h  t 
and  in  space  is  estailirhec  not  only  tj  the  local  features 
the  underlying  surface  tut  also  ty  the  weather  condition?, 
particularly  tr.e  tnema]  stratification. 


! 


1 


Fig.  Wind -speed  probability 

(7,  10,  20,  25ip/s)  as  a  function  of  average 

wind  speed  by  vane  (a)  at  100  m  (b) 
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FEATURES  OF  TERRAIN  SURROUNDING  THE  WEATHER  STATIONS  AND  PRINCIPAL  WIND 

CHARACTERISTICS 
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SUPPLEMENT  I  (cont*d) 
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Ceaeluaicn  of  Suppleacn'fc  I 


31 


Kemorks  to  Supplement  I  (cont'd) 


/90-91 
(cont'd) 

To  column  10.  P  -  plain*,  #  -  vallsy,  B  -  lsvland,  C  -  slop*,  B  -  p**k,  X  - 
hlH,  -  straight  valley  (oriented  in  th*  direction  of  th*  prevailing  wind), 

K  —  trough.  Por  the  slope,  the  subscript  0  indicates  top,  center  (no  n<rta* 
tion),  h  -  bottom.  Por  eiaaple,  C®  signifies  th*  *Wpp*r  part  of  slope".  The 
exponent  at  the  coBventionml  symbol  of  the  relief  fora  indicates  th*  differ-  * 
ence  in  heights  (A h)  in  the  following  point  system  of  evaluation* 

Difference  in  height  (m)  Points 

<  50 
50  -200 
200-750 
750-1500 
>1500 

To  column  11.  The  orientation  is  indicated  by  16  compass  points.  Por  the  val¬ 
leys,  the  downstream  direction  is  given.  In  ths  case  of  complex  relief,  the 
orientation  of  all  the  rolief  components  is  indicated.  Th*  orientation  is  not 
given  for  the  peaks  and  hills. 

To  column  12.  3  -  negative  relief  forms  (valleyn,  troughs,  saucer-shaped  de¬ 

pressions,  and  also  the  vegetation  and  glad**  favoring  the  stagnation  of  air, 

*  _  !  '  *  ,  _  «  • 

where  the  wind  speed  hots  slackened).'  T‘k  positive  relief  forms  (peaks  of 

mountains,  hills  sic.)  with  favorable  conditions  for  turbulent  air  mixing  (th# 

,  _  :  f0*  * 

vind  has  freshened.  C  s  moist,  marshy  area*.  B  -  near  a  large  water  body  (riv¬ 
ers,  lakes,  not  farther  than  1  -  1*5  km).  77-  city,  industrial  region. 


1  (is  omitted) 

2 

3 

4 

5 
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LIST  OP  STATIONS  OP  AEROLOGICAL  OBSERVATIONS 
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DIURNAL  VARIATION  OP  WIND  SPEED  IN  THE  ATMOSPHERIC  PLANETARY 

BOUNDARY  LAYER 


.Vgprgay  Klimaiologji .  Nauchno-iB»l»doT»t«l '-  V.  M.  Sklyaror 

akiy  Inatitut  A«rokliaatoIogli.  Trudv. 

(Problems  of  Climatology*  Scisntific-Rsssarch 
Institute  of  Asroclimatology*  Transaction* ) 

No*  52,  Moacov  1968,  pagas  98  -  119 


The  climatological  studies  of  the  diurnal  wind  pattern 
in  the  boundary  layer  are  made  more  difficult  by  the  limited 
number  of  the  observation  periods.  As  is  known,  in  the  net¬ 
work  of  the  aerological  stations,  the  radio-wind  sounding  of 
the  atmosphere  is  conducted  two,  three  or  in  the  best  case, 
four  times  per  24  hours.  However,  even  based  on  the  results 
of  a  quadruple  sounding,  it  is  difficult  to  establish  the 
position  of  the  typical  points  necessary  for  constructing  the 
reliable  curves  of  the  diurnal  variations  in  the  wind  at  var¬ 
ious  heights.  • 


Obviously,  any  given  period  of  sounding  can  not  be  equally 
representative  for  the  entire  depth  of  a  boundary  layer.  For 
example,  if  the  observations  at  1300-1400  hours  characterize 
the  diurnal  maximum  of  wind  speed  at  the  Earth's  surface,  this 
does  not  signify  that  these  observations  are  to  some  extent  in¬ 
dicative  also  for  the  height  of  300,  500  or  1,000  m.  With  the 
same  justification,  we  can  state  that  any  given  combination  of 
several  observations  periods,  being  representative  for  some 
heights,  will  prove  unconditionally  nonrepresentative  for  the 
others.  Therefore,  It  Is  necessary  to  have  such  a  number  of  ob¬ 
servation  periods,  which  in  combination  would  permit  us  to  ob¬ 
tain  sufficient  data  for  an  objective  description  of  the  diur¬ 
nal  wind  pattern  at  all  heights,  i.e.  from  the  Earth's  surface 
■co  the  upper  limit  of  the  boundary  layer. 

In  an  ideal  case,  this  number  should  be  24,  since  only 
an  hourly  sounding  of  the  atmosphere  Is  capable  of  providing 
exhaustive  data  for  a  detailed  Investigation  of  the  diurnal 
pattern  of  the  wind  speed.  However,  such  a  frequency  of  sound¬ 
ing  can  be  realistic  only  in  the  form  of  individual  discontinuous 
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series  at  separate  observation  points.  Therefore,  the  available 
data  of  hourly  soundings  are  sc  limited  that  their  utilization 
for  climatological  purposes  is  practically  impossible. 

In  connection  with  what  has  beer,  indicated,  it  appears 
feasible  tc  utilize  the  results  of  the  quadruple  radio-wind 
sounding  in  combination  with  the  data  of  pilot-balloon  obser¬ 
vations.  Such  combined  aerologies!  observations — radio-wind 
observations  in  the  basic  periods  anti  the  pilot-balloon  obser¬ 
vations  in  the  intermediate  periods  are  conducted  during  a  nun- 
"er  cf  years  at  a  considerable  number  of  stations  in  the  air¬ 
ports.  In  this  connection,  we  have  in  mind  the  pilot-balloon 
observations  ta<:en  from  one  point,  since  now,  the  regular  basic 
observations  are  not  conducted  anyvnere. 

It  is  understandable  that  the  combined  utilization  of  the 
direct  results  cf  the  pilot-balloon  and  radio-wind  observations 
is  impossible,  since  the  difference  in  the  methods  :  f  deriving 
these  results  cause  their  dissimilarity .  Therefore,  the  reduc-  /99 
tion  of  the  pilot-balloon  and  radio-wind  data  to  a  single  sound¬ 
ing  method  is  required. 

Although  in  a  study  of  the  lower  atmospheric  layers,  the 
pilot  balloon  observations  have  certain  advantages  over  the  radio¬ 
wind  observations  [18];  at  the  present  time,  the  latter  are  the 
principal  and  most  popular  method  of  measuring  the  wind  aloft. 
Moreover,  the  radio-wind  observations  are  distinguished  by- 
great  regularity,  as  a  result  of  which  their  results  do  not  suf¬ 
fer  from  that  selectivity  which  unfortunately  is  typical  for  the 
data  collected  from  the  pilot  balloon  observations  [24].  Obvio¬ 
usly,  with  consideration  of  -this  circumstance,  it  is  feasible  to 
reduce  the  results  of  the  pilot  balloon  observations  to  the  data 
taken  from  the  radio-wind  sounding,  and  not  vice  versa. 

For  reducing  the  pilot  balloon  observations  to  the  radio¬ 
wind  ones,  it  is  necessary  to  know  the  errors  in  the  first  rel¬ 
ative  to  the  second.  Obviously,  the  more  reliable  and  objective 
technique  of  detecting  such  errors  can  be  a  comparison  of  the 
results  cf  the  observations  conducted  simultaneously  by  the  radio¬ 
wind  and  pilot  balloon  methods.  Applying  this  method,  the  radio¬ 
wind  and  pilot  balloon  observations  are  usually  conducted  for 
the  flight  of  the  same  balloon;  we  compare  the  results  of  the 
observations  obtained  by  both  methods  for  the  same  heights. 

However,  such  observations  are  conducted  only  spasmodically, 
as  a  result  of  which  their  utilizatio  for  climatological  pur¬ 
poses,  including  for  reducing  a  seri  •"  of  observations  to  one 
sounding  method,  is  extremely  difficult.  In  connection  with 
this,  the  indicated  reduction  is  achieved  by  us  in  a  different 
way,  specifically:  by  the  method  of  differences  in  the  many 
years'  values  of  the  average  diurnal  wind  speeds. 
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The  basis- for  the  application  of  this  method  has  beeh 
provided  by  the  assumption  that  the  mean  diurnal  values  of  a 
meteorlogical  element  can  be  derived  based  on  the  observation 
data  in  any  four  periods  equidistant  from  each  other.  As  the 
experience  in  processing  the  many  years’  observations  indica¬ 
tes,  this  assumption  is  sufficiently  reliable  in  respect  to  * 
the  average  wind  speed  values.  Hence,  if  the  radio-wind  and 
pilot  balloon  observations  did  not  contain  errors,  or  their 
errors  were  the  same,  in  the  problem  which  we  are  solving,  the 
mean  diurnal  values  of  wind  speed  computed  separately  based  on 
the  data  of  one  or  the  other  observations,  should  also  be  iden- 
tical.  However,  in  reality,  such  a  coincidence  does  not  exist, 
and  this  is  evidence  of  the  dissimilarity  of  the  data  from  the 
pilot  balloon  and  radio-wind  observations,  which  needs  to  be 
eliminated . 


The  gist  of  the  method  is  as  follows.  For  the  same  fixed 
heights,  we  calculate  the  many  years*  mean  diurnal  values  of 
wind  speed  separately  based  on  the  data  for  four  equidistant 
periods  of  radio-wind  sounding  (vp#  )  and  for  four  other  equi¬ 
distant  periods >  in  which  the  pilot  balloon  observations  were 

conducted  (v  _  ).  Then,  we  take  the  difference  in  these  values: 

fw  n 

representing  the  error  in  the  pilot  balloon  observations  rela¬ 
tive  to  the  radio-wind  observations  (with  opposite  sign). 

If  we  assume  that  the  difference  Av  is  stable  for  all 
the  periods,  the  average • speed  value  for  the  given  period,  ob¬ 
tained  from  the  many  years’  pilot  balloon  observations,  can  be 
reduced  to  the  value  vn„  of  the  adequate  "average  radio-wind" 
for  this  same  period,  specifically: 


(2)  /IOC 


In  spite  of  the  obvious  simplicity  of  the  method  descri¬ 
bed,  Its  application  permits  us  first  to  exclude  the  effect  of 
the  actual  instrumental  errors  of  the  pilot  balloon  observations 
for  the  average  characteristics  of  wind  speed,  and  secondly  to 
suppress  to  a  considerable  e:< lent  the  dependence  cf  these  char¬ 
acteristics  upon  the  sM eo t i v..-  property  of  the  pilot  balloon 
data.  As  regards  the  effect  A’  the  systematic  errors  cf  the 
radio-wind  sounding,  it  is  naturally  retained,  also  extending 
in  the  given  Instance  f *  !»•■»  p  ilot  bai  Icon  observations.  How¬ 
ever  ,  with  a  proper  installation  and  skillful  operation  of  the  { 
equipment  used  in  the-  radio-'. 'nd  sounding,  these  more  are 


O  fv'1  *■'*“ 


do  Cot 


ra\/ 

i 


( 


close  to  zero  [3,  8,  1CP,  and  fo-r  practical  purposes  are  not 
reflected  on  the  av'eragea  values  of  wind  speed  [8,  22];  we  will 
not  discuss  them  (we  will  discuss  below  the  accuracy  of  the 
many  years’  average  data,  obtained  from  the  actual  statistical 
compilation  utilized  by  us). 


_  Table  1 

Many  Tears'  Average  Diurnal  Vind  Speed  (▼  m/sec)  in  Various  Months  Based-  on 


Observations  (nano*  of  terms  in  series) 
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vind  speed  was 


of  the  diurnal  pattern  of  wind  speeds  In  the 
we  had  the  opportunity  of  utilizing  the  results 
oundlng  in  Kharkov  at  0300,  0900,  1500,  2100 
hours  and  of  the  pilot  balloon  observations  at  0000,  0600,  1200, 
and  1800  hours  Moscow  Standard  Time,  or  respectively  around  0200, 
0800,  1*100 ,  2000  hours,  and  0500,  1100,  1700,  and  2300  hours 
mean  solar  time  for  the  five  year  period  from  1999  to  1963. 


In  Table  1 3,  we  have  listed  the  many  years’  values  of  the 
mean  diurnal  wind  speeds  for  certain  levels  above  the  Earth's 
surface  (approximately  every  300-500  m),  calculated  for  each 
month  based  on  the  results  of  the  radio-wind  sounding,  pilot 
balloon  observations  and  observations  v/Ith  a  wind  vane  (anemome¬ 
ter).  It  is  obvious  from  this  table  that  the  mean  diurnal  values 
of  the  wind  speed  according  to  the  anemometer  calculated  accord¬ 
ing  to  the  data  for-  the  various  periods,  are  practically  identi¬ 
cal.  Consequently,  the  judgment  expressed  earlier  relative  to 
the  coincidence  of  the  mean  diurnal  wind  speed  values,  obtained 
based  on  the  data  of  the  standardized  observations  for  any  four 
equidistant  periods,  finds  excellent  confirmation  here. 
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At  the  same  time,  an  analysis  of  the  data  listed  in  Table 
2  indicates  that  the  mean  diurnal  values  of  wind  speed,  calcula¬ 
ted  separately  based  on  the  results  of  the  radio  wind  sounding 
and  of  the  pilot  observations,  are  significantly  different;  more¬ 
over,  these  -differences  are  always  identical'  in  sign  and  in  gene¬ 
ral  are  fairly  close  to  each  other  in  absolute  value. 

*  /  *  * 

A 

A  mdre'  graphic  illustration  Qf  what  has.  been  stated  above 

/  v,  *  • 

t 

is  given  j?n  the  datd  in  Table '2,  in  which  "we  have  tabulated  the 

(<  ■  •  X. 

differences  A  d,  obtained  according  to  Eq.  (1). 

In  Table  3,  compiled  similarly  to  the  first  two,  but  con¬ 
taining  the  many  years’  data  in  a  seasonal  average,  there  is  de¬ 
picted  quite  distinctly  one  of  the  significant  features  in  the 
indicated  difference.  This  feature  consists  in  a  significant 
reduction  in  the  values  of  v  with  height.  Obviously,  the  latter 
is  associated  with  the  reduction,  in  the  same  direction,  of  the 
deviations  in  the  actual  vertical  velocity  of  pilot  balloons 
from  the  calculated  velocity. 
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Table  2 


Difference  A—  (m/sec)  of  Many  Years*  Values  of  Mean  Diurnal  Wind 


v 

fpoed  Calculated  Separately  Baaed  on  the  Data  of  the  Radio  Wind 

Sounding  and  the  Pilot  Balloon  Observations 
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•J 

oCo 
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M 
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tl 

•  if 

•4 

0.8 

0.8 

i . . 

« 

July 

-4.1 

-4,» 

9.1 

0,7 

— f.  1 

0.1 

0.1 

•.» 

1.4 

1.4 

U 

M 
.  0.7 

0.7 

«.» 

1.0 

•.0 

u 

— 

— 

* He for  to  remark  to  Table  1. 

It  Is  known  that  a  well-developed  turbulent  mixing  de¬ 
creases  the  resistance  exerte.d  upon  a  pilot  balloon  during  Its 
descent.  As  a  result  of  this,  the  actual  vertical  velocity  of 
the  balloon  Is  usually  greater  than  the  calculated  one,  accord¬ 
ing  to  which  we  establish  the  height  of  the  pilot  balloon  which 
is  observed  from  one  point.  Thus,  based  on  the  many  years'  ob¬ 
servations  conducted  in  Slutsk  (Pavlovsk),  Molchanov  [19]  detec¬ 
ted  in  the  lower  layers  appreciable  positive  deviations  in  the 
vertical  velocity  of  the  pilot  balloons  from  the  theoretically 
calculated  velocity  (  A  ).  Decreasing  with  height,  the  devi¬ 
ations  in  Aw  attain  at  the  2  km  level  the  zero  values.  Analo¬ 
gous  results  were  obtained  in  the  investigations  conducted  by 
Pinus  [12],  In  the  Borispole  region  ([Note]:  The  positive  de¬ 
viations  in  Aw  are  typical  chiefly  for  the  plains  localities. 

As  the  studies  conducted  by  the  Main  Geophysical  Observatory 
under  the  supervision  of  P.  A.  Vorontsov  and  Ye.  S.  Selezneva 
[6]  demonstrate,  under  mountain  conditions,  the  Aw~values  can 

be  negative  in  the  layer  from  the  surface  of  the  Barth  to  a 
height  of  around  several  hundreds  of  meters.  The  same  circum¬ 
stance  is  recorded  by  T.  N.  Klado  [lJi].  Bvidently,  the  negative 
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deviations  in  &w  are  associated  with  the  katabatic  movements 
of  air  near  the  mountain  passes  [25]. 


Table  3 

Many  Years'  Mean  Diurnal  Wind  Speed  (v  m/sec)  in  Various  Seasons  * 
(n  =  number  of  terms  in  the  series) 


Season 
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M 

43 
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*  Average” value  of  velocity  wan  not  computed  owing  to  an  insuf¬ 
ficient  amount  of  raw  data  (less  than  500). 

.Since  the  calculated  vertical  velocity  during  the  tur¬ 
bulent  mixing  is  less  than  the  actual  velocity,  the  determina¬ 
tion  of  the  wind  speed  based  on  the  depressed  vertical  velocity 
causes  a  lowering  in  the  values  of  the  wind  speed.  It  is  speci¬ 
fically  this  condition  which  leads  to  the  formation  of  systematic 
positive  differences  between  the  wind  speed  values  collected  by 
the  radio  wind  and  pilot  balloon  methods.  With  height,  the  value 
of  deviation  in  &w  decreases;  therefore,  we  can  naturally  ex¬ 
pect  that  In  this  same  direction,  the  A V-values  will  also  de¬ 
crease.  However,  under  the  influence  of  certain  other  factors 
(the  Increase  or  decrease  in  wind  speed  with  height,  the  greater 
or1  lesser  selectivity  of  the  pilot  balloon  data,  and  so  forth),  i 
the  variation  in  £  V  does  not  always  take  place  uniformly. 
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Sometimes,  especially  in  summer,  .the  reduction  in  the  value  for 
&  v  generally  does  not  occur  in  the  lower  kilometer  layer. 
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In  the  annual  pattern,  the  maximum  for  £x  v  falls  in 
spring  or  autumn,  when  the  relatively  high  wind  speeds  accom¬ 
pany  a  considerable  turbulent  mixing.  In  summer,  the  minimal 

*  values  of  A  v  can  be  eipl&iried  by  the  low  w.'  -sd  speeds,  while 
in  winter,  they  can  be  explained  by  the  decreased  turublent 

•  exchange  of  air.  Similarly  to  this,  there  should  also  take 
place  a  certain  difference  between  the  A  v-values  in  their  di- 
urnal  pattern.-  Unfortunately, -'the  nettled'  employed  by  us  does 

r  not  permit  us  to  calculate ‘with'  sufficient  reliability  the  con¬ 
tribution  .of  each  individual  period  of  observations  in  the  for¬ 
mation  of  the  average  diurnal  value  for  iiv.  However,  we  can 
assume  that  the  diurnal  fluctuations  in  A  v  are  not  so  appre¬ 
ciable  that  they  are  perceptibly  reflected  on  the  results  of 
the  analysis  of  the  diurnal  wind  speed  pattern  based  on  the 
averaged  data.  In  particular,  for  such  an  assumption  there  is 
the  substantiation  that  above  100  m,  the  intensification  of  the 
turbulent  exchange  (mixing)  as  a  rule  is  accompanied  by  a  de¬ 
crease  in  wind  speed  and  contrariwise  (the  opposite  diurnal 
pattern  of  intensity  of  turbulent  mixing  and  wind  speed  should 
probably  exert  a  compensating  effect  upon  the  variation  in  the 
A  v-values  during  a  24-hour  period).  Nevertheless,  admitting 
in  our  calculations  the  independence  of  the  A  V-values  upon  the 
observation  periods,  we  calculate  this  value  as  reliable  only 
in  a  first  approximation. 

r  _  /104 

A  further  important  feature  of  the  difference  A  v  con¬ 
sists  in  the  fact  that],  its  values  exist  in  a  definite  dependence 
on  the  nature  and  degree  of  the  selectivity  of"  the  data-  obtained 
by  the  pilot  balloon  observations.  Owing  to  this,  being  utilized 
as  a  correction  to  the  average  values  of  wind  speed  acquired 
based  on  the  pilot  balloon  data,  nermits  us  to  suppress  to 

some  extent  or  other  their  selective  property.  In  reality,  if 
the  selectivity  of  the  pilot  balloon  observations  is  manifested 
in  such  a  way  that  the  value  for  the  mean  diurnal  wind  speed 
proves  to  be  lowered,  A"v  correspondingly  Increases,  and  its 
corrected  value  becomes  close  to  the  actual  one.  However,  cer¬ 
tain  difficulties  can  develop  if  the  extent  and  particularly 
nature  of  the  selectivity  of  the  observations  change  systemat¬ 
ically  from  some  periods  to  others.  Under  the  assumption  of  /106 

such  variations,  it  is  often  necessary  to  revert  to  an  analysis 
of  the  original  data,  and  in  case  of  their  insufficiency  (see 
the  lines  drawn  in  Tables  1-3)  in  general  we  omit  the  calcula¬ 
tion  of  A  v. 
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Many  Years'  Average  Wind  Speed  (m/sec)  Based  on  the  Pilot  Balloon 
Datai Original  (vac*  )  and  Reduced  to  the  Radio-Theodolite  Method 
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In  this  manner,  the  difference  Av  has  two  main  sources: 
the  deviation  of  the  actual  vertical  yelocity  of  the  pilot  bal¬ 
loon  from  the  calculated  yelocity  (  Aw)  and  the  selective 

quality  of  the  pilot  balloon  observations.  The  relative  con¬ 
tribution  of  these  sources  to  the  formation  of  each  actual  value 
of  A.v  can  be  various,  however  generally  the  .principal  role  ob¬ 
viously  belongs  to  the  deviations  in  &w. 

The  typical  case  of  reducing  the  averaged  data  of  the 
pilot  balloon  observations  to  the  radio  wind  method  of  sound¬ 
ing  is  presented  In  Table  4  (the  &  v-values  are  taken  from 
Table  3). 

In  Table  5,  placed  at  the  basis  of  a  series  of  further 
constructions,  we  have  presented  the  many  years'  average  wind 
speeds  calculated  from  the  results  of  the  radio  wind  sounding, 
while  for  the  part  of  the  specific  heights — based  on  the  data 
presented  from  the  pilot  balloon  observations.  The  content  of 


this  table  confirms  well  the  existing  general  concepts  concern¬ 
ing  the  nature  of  the  diurnal  pattern  of  the  wind  speed  in  the 
boundary  layer  and  moreover  permits  us  to  form  a  concrete  Judg¬ 
ment  concerning  the  quantitative  aspect  of  the  object  of  the 
present  investigation.  However,  the  data  presented  in  Table  5 
do  not  provide  a  sufficiently  graphic  pattern  of  the  variations 
in  wind  speed  during  a  2^-hour  period. 

Table  5 

Many  Years'  Average  Wind  Speed  (m/sec)  at  Various  Times  of  Day 
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These  .ariations  are  portrayed  more  distinctly  in  Table  6* 
wr.ere  we  have  shown  the  deviations  cf  many  years'  average  wind 

speed  values  for  each  individual  period  of  observations  (v_y) 

from  tr.e  rany  years '  ssean  diu”nal  value  of  the  speed  vVjjiur^* 


i 

i 


For  each  specific  height,  the  Indicated  deviations  are  calcu¬ 
lated  according  to  the  expression: 


(«f  »  **  4/r, 


(3) 

Table  6 

Deviations  S“(a/sec)  of  Mean  Values  for  Wind  Speed  at  Various 
Times  of  Day  (vc  p)  from  the  Mean  Diurnal  Value  of  Speed 
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The  nature  of  the  diurnal  wind  speed  pattern  can  be  rep¬ 
resented  particularly  clearly  by  the  isopleths  of  the  deviations 
S  y  in  the  height-time’ coordinates.  Without  professing  to  show 

a  high  accuracy  of  the  reflection  of  diurnal  speed  variations 
in  all  the  possible  details,  such  isopleths  (Fig.  1-4)  permits 
us  to  detect  easily  the  maximums  (maximum  possible  deviations) 
and  the  minimums  (maximum  negative  deviations)  of  wind  speed 
during  a  24-hour  period,  the  difference  in  their  values  and 
the  time  of  arrival  at  any  given  height.  In  addition,  based 
on  the  interpolated  values  between  the  isopleths,  w.'th  the 
aid  of  the  equation 

*-.=  «<r.±V  (4) 

it  is  easy  to  derive  fairly  reliable  hourly  values  of  wind 
speed  (vvj0ur)  for  each  fixed  height.  It  was  just  by  such  a 
method  that  we  calculated  the  hourly  values  (Table  7),  having 
served  as  a  basis  for  constructing  the  isopleths  of  the  many 
years'  average  wind  speeds. 

Proceeding  to  a  review  of  the  features  of  the  diurnal 
pattern  of  wind  speed,  let  us  explain  first  of  all  how  accurate 
the  derived  average  values  of  speed  are.  Since  as  the  basic 
data,  we  adopted  here  the  data  from  the  radio  wind  observations, 
it  is  very  important  that  they  correspond  above  all  to  the  re¬ 
quirements  of  a  reliable  analysis. 

As  a  measure  of  the  accuracy  of  the  many  years '  average 
speed  values  based  on  radio  wind  observations,  we  adopted  the 
mean-square  error: 

7if  . 

where  =  mean-square  deviation  in  speed,  n  =  number  of  terms 
in  the  series. 


In  Table  8,  we  have  presented  the  results  obtained  from 
the  calculation  of  7'^,  which  show  that  the  errors  of  the  many 
years'  average  monthly  values  of  wind  speed  reach  0.2-C-3  m/sec 
for  the  level  of  100  a  and  0. 3-0-4  r/sec  for  the  level  around 
1,000  m. 


It  is  obvious  that  soon  a:,  accuracy  cf  the  average  values 
can  not  be  recognised  as  adequate  for  an  analysis  of  the  diurnal 
variations  in  the  wind  speed.  Ir.  connection  with  this,  in  place 
of  the  average  monthly  values,  we  selected  the  data  in  a  seasonal 
averaging,  owing  to  which  the  error  ir.  the  average  values  was 
cut  in  half.  This  permitted  us  tc  reveal  the  typical  features 
of  the  diurnal  wind  speed  pattern  with,  an  accuracy  acceptable 
in  tr*e  practice. 
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Fig.  3.  Isopleths  Indicating  the  Deviation  in  Average 
Wind  Speed  (m/sec)  at  Various  Times  of  Day  from  the  Mean 
Diurnal  Value  of  Speed.  Autumn. 


Fig.  4.  Isopleths  Indicating  the  Deviations  in  Average 
Wind  Speed  (m/sec)  at  Various  Times  of  Day  from  the  Fean 
Diurnal  Win!  Sceea  Value.  Winter.  Key:  a)  hours. 


Fig.  5.  Diurnal  Wind  Speed  Pattern  at  Various  Levels 
in  Spring  (a).  Summer  (b).  Autumn  (c)  and  Winter  (d). 

1-  anemometer;  2-  300  m;  3-  1,350  m  (for  winter  850  m) ; 
and  4-  1,350  m  (for  winter). 

Key:  £)  m/sec. 


Fig.  6.  Average  Vertical  Wind  Profile  at  Various 
Times  of  Day  in  Summer  (a)  and  in  Winter  (b). 

1-  0600  hours  i.i  summer  and  OSOC  hours  ir.  winter; 

2-  1400  hours  in  summer  and  1200  hours  in  wir-ter; 

3-  2300  hours  in  summer  and  1600  hours  in  winter. 

Key:  /)  m/sec. 
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Table  7 
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Many  Years/  Wjnd  Speed  (m/sec)  for  Each  Hour  of  the  Day, 
Diurnal  (v  ra/secj  Based  on  Hourly  Values  in  Amplitude  of 
Fluctuations  in  Speed  (A  m/sec) 
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Many  Years'  Average  Wind  Speed  (v)  and  Its  Error  ( &  ~)  (n  =  Num 
he  r  of  Terms  In  Series,  y  =  Mean  Square  Deviation  in  Speed). 


l _  Tin»*>  (hours) _ _ 
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Let  us  now  return  to  the  isopleth: 
represented  iri  F:Igs.  1-^1. 
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0.4 
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of  the  deviations 


It  is  easy  to  observe  that  in  the  spring  (Fig.  1),  at 
the  Earth's  surface,  the  diurnal  maximum  of  speed  falls  at  13^0- 
1/IOQ  hours,  while  the  minimum  occurs  at  0300-0^)00  hours .  At  a 
height  of  an  average  of  around  100  m,  there  is  found  the  level 
of  the  reversal  of  the  wind  (zero  isopleth)  above  which  the 
speed  has  a  diurnal  pattern,  opposite  to  that  which  occurs  at 
the  Earth's  surface:  the  maximum  In  speed  is  recorded  at  2200- 
2300  fiours,  while  the  minimum,  perceptibly  deformed  by  the  influ- 
once  of  the  near-ground  maximum,  extends  between  1100  and  17 
hours.  This  second  type  of  the  diurnal  pattern  is  expressed 
most  clearly  in  the  300-500  meter  layer.  Within  the  limits  of 
tills  layer,  in  proportion  to  the  increase  in  height,  the  noc¬ 
turnal  maximum  is  shifted  to  0A00-0500  sours,  while  the  cay  c. 
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minimum,  becoming  less  distinct,  is  maintained  for  about  the 
same  time  interval* 

Starting  from  a  height  of  800-900  m,  we  find  a  third 
type  of  diurna]  pattern  in  wind  speed  with  two  maximums  (at 
0700-0900  and  2200-2300  hours)  and  with  two  minimums  (at  0200-  ** 

0300  and  1700-1800  hours). 

« 

An  analogous  pattern  occurs  in  summer  (Pig.  2).  However, 
in  this  season,  the  nature  of  the  diurnal  variations  neverthe¬ 
less  differs  from  the  spring  season  in  certain  features:  by  *( 
a  somewhat  raised  level  of  wind  reversal  during  the  day,  and 
by  a  lowering  at  night,  by  an  earlier  arrival  (in  the  first 
half  of  the  day),  of  the  phases  of  the  diurnal  pattern,  and 
by  a  perceptible  decrease  in  the  depth  of  the  layer  with  two 
maximums  and  two  minimums. 

In  autumn  (Pig.  3),  there  occurs  a  further  ’'subsidence” 
of  the  layer  with  a  dual  diurnal  pattern  of  speed,  also  prop¬ 
agating  to  the  subjacent  layers.  At  a  height  of  1700-1800  m, 
the  morning  maximum  is  replaced  by  a  minimum.  Indicating  the 
appearance  of  a  further  (fourth)  type  of  diurnal  pattern  in 
wind  speed.  " 

The  latter  circumstance  is  portrayed  quite  lucidly  in 
Fig.  typifying  the  diurnal  variations  in  the  speed  in  winter. 

As  is  obvious,  during  this  season,  at  a  height  of  1300-2000  m, 
we  find  a  diurnal  wind  speed  pattern  with  one  maximum  (at 
1^0C-1900  hours)  and  one  minimum  (at  0700-0900  hours).  With 
regard  to  the  first  three  types  of  the  diurnal  pattern,  they 
are  also  retained  in  a  weakly  expressed  form  In  the  winter, 
as  a  whole  not  emerging  beyond  the  limits  of  the  1,000  m  level. 

A  more  definitive  concept  of  the  basic  types  of  diurnal 
wind  speed  pattern  is  provided  by  the  curves  constructed  for 
several  levels  with  distinctly  manifested  typical  variations 
In  the  speed  during  a  2*»-hour  period  (Fig.  5).  Comparing  the 
appropriate  curves  pertaining  to  the  various  seasons.  It  is 
easy  to  detect,  on  the  one  hand,  the  basic  similarity  of  the 
diurnal  fluctuations  In  speed  during  the  entire  year,  and  on 
the  otner  hand,  the  essential  differences  between  them,  espec¬ 
ially  in  respect  to  value  of  amplitude. 

Naturally,  the  differences  in  the  diurnal  pattern  of  the 
speed  at  various  levels  are  linked  with  the  dissimilar  nature 
of  the  vertical  wind  distribution  at  different  hours  of  the 
day.  As  is  shown  in  Fig.  6,  from  the  Earth's  surface  to  { 

100-200  m,  wind  speed  rises  abruptly  with  height,  while  above 
the  Indicated  level,  it  behaves  differently:  in  the  warm 
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season  of  the  year  in  the  morning,  it  increases  gradually, 
while  around  midnight,  it  decreases  slowly;  during  the  day,  the 
gradual  drop  is  alternated  twice  by  a  fairly  rapid  rise.  In 
the  winter,  the  vertical  wind  profile  changes  but  little  during 
a  24-hour  period. 

The  distribution  of  the  mean  wind  speed  in  the  entire 
depth  of  the  boundary  layer  over  an  entire  24-hour  period  can 
be  traced  easily  with  the  aid  of  the  isopleths  represented 
for  each  season,  and  depicted  in  Pigs.  7-10.  Without  going 
into  a  detailed  analysis  of  this  distribution,  let  us  note 
only  certain  of  its  characteristic  features. 

In  the  spring  (Pig.  7),  the  maximum  mean  wind  speed  value 
(9*5  m/sec)  is  recorded  at  around  midnight  at  a  height  of  500- 
700  m.  Only  in  the  morning,  at  the  topmost  level  of  the  boun¬ 
dary  layer  (1800-2000  m)  does  the  wind  speed  attain  approximately 
the  same  value.  In  summer  (Pig.  8),  the  nocturnal  maximum 
(8.0  m/sec)  occurs  at  a  height  of  300-500  m,  while  the  morning 
maximum  occurs  at  1300-1600  m.  Between  the  morning  and  night 
maximums ,  in  the  spring  and  summer,  the  daytime  maximum  is 
well-expressed.  Its  axis  passes  through  the  entire  boundary 
layer,  shifting  from  the  second  half  of  the  night  at  the  Earth's 
surface  to  the  evening  hours  at  the  upper  levels.  The  second 
minimum  is  recorded  at  night  at  the  height  of  1,100-1,500  m. 

A  similar  although  less  distinct  distribution  in  wind 
speed  occurs  in  the  autumn  (Fig.  9)-  During  this  season,  the 
night-time  minimum  proves  to  be  extended  greatly  through  time; 
and  the  nocturnal  maximum  (19-6  m/sec)  shifts  to  the  evening 
hours . 

In  winter  (Fig.  10),  the  wind  speed  distribution  features 
typical  of  the  boundary  layer  are  traced  only  to  a  height  of 
around  1,000  m.  Above  the  indicated  level,  they  are  quite  imper¬ 
ceptible.  The  sole  feature  which  attracts  attention  here  is  the 
slight  morning  minimum,  extended  through  time  and  in  height,  en¬ 
compassing  a  part  of  the  night  and  almost  the  entire  first  half 
of  the  day.  Incidentally,  this  minimum  pertains  to  the  heights 
which  during  the  cold  season  already  prove  to  extend  beyond  the 
limits  of  the  boundary  layer. 

In  general,  such  is  the  pattern  of  the  diurnal  wind  speed 
variations  in  the  lower  2-kilometer  layer  of  the  atmosphere. 
Essentially,  it  reduces  to  the  fact  that  in  proportion  to  dis¬ 
tance  from  the  Earth's  surface,  we  have  a  successive  alterna¬ 
tion  of  three-four,  as  a  rule,  opposite,  types  of  the  diurnal 
pattern  of  wind  speed.  The  average  height  and  the  depth  of  the 
layers  (  to  which  any  given  type  of  diurnal  pattern  is  inherent) 
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depend  appreciably  on  the  season.  The  variations  in  speed  with 
height  are  dissimilar  at  various  hours  of  the  day. 

The  results  obtained  from  analyzing  the  actual  observa¬ 
tions  thus  indicate  that  the  typical  diurnal  wind  speed  pattern 
is  manifested  in  a  fairly  distinct  form  in  the  south  of  the 
Eastern-European  plans  (Kharkov).  This  agrees  fully  with  the 
existing  concepts  about  the  reasons  underlying  the  phenomenon 
under  consideration. 

As  is  known,  the  first  explanation  of  the  diurnal  wind 
speed  pattern  was  given  independently  by  Espi,  Keppen  and  Voy¬ 
eykov.  As  early  as  1884,  the  latter  had  indicated  the  neces¬ 
sity  (for  explaining  the  diurnal  pattern)  "of  reviewing  the 
relation  of  the  lower  air  layers  to  the  superjacent  ones"  [4]. 

According  to  the  Espi- Keppen  theory,  having  enjoyed 
great  popularity  for  a  long  time,  the  diurnal  pattern  of  the 
wind  speed  is  caused  by  the  exchange  of  the  lower  air  masses, 
slowed  in  their  motion,  with  the  upper,  more  mobile  masses. 

This  exchange  occurs  most  strongly  immediately  after  noon, 
when  the  vertical  convection  and  its  accompanying  turbulence 
attain  the  maximum  intensity.  Therefore,  around  noon,  at  the 
Earth's  surface,  a  maximum  is  recorded,  while  in  the  superjac¬ 
ent  air  layer,  a  minimum  of  the  wind  speed  is  registered.  The 
quantity  of  motion,  redistributing  among  the  layers  with  a 
varying  wind  speed,  is  generally  retained  during  this  time. 

In  the  same  way,  we  also  can  explain  the  reversal  of  the 
diurnal  pattern  aloft,  and  its  weakness  above  the  oceans,  where 
the  intensity  of  convection  scarcely  changes  during  a  24-hour 
period  [133  - 

Distinguished  as  a  whole  by  a  recognized  orderliness,  this 
theory  nevertheless  proves  inadequate  for  explaining  certain  im¬ 
portant  aspects  of  the  phenomenon.  Thus,  the  layer  in  which  the 
wind  speed  lackens  during  the  day  is  many  times  deeper  than  the 
near-ground  layer,  where  the  speed  is  intensifying.  In  view  of 
this,  the  total  quantity  of  motion  can  not  be  preserved.  Ob¬ 
viously,  during  the  day,  it  decreases,  while  at  night  it  in¬ 
creases.  Hence,  the  Espi-Keppen  theory  does  not  explain  the 
differences  in  the  vertical  extent  of  the  layers  with  reversed 
diurnal  patterns. 

The  assumption  exists  tnat  during  the  day  in  the  atmos¬ 
phere,  which  is  heating  up  and  expanding,  a  certain  accumulation 
of  potential  energy  occurs,  which  in  the  evening  and  at  night 
is  "realized",  transforming  tc  kinetic  energy  of  air  ration 
[27].  Obviously,  this  effect  is  superimposed  on  the  above- 
indicated  effect  of  convection. 


Fig.  7.  Isopleths  Indicating  Mean  Wind  Speed.  Springtime. 


Fig.  8.  Isopleths  Indicating  Mean  Wind  Speed.  Summer. 
Key:  a)  hours. 
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It  is  also  considered  that,  along  with  the  daytime  de¬ 
velopment  of  the  convection  and  turbulence,  the  cause  for  the 
diurnal  pattern  of  wind  speed  (and  direction)  can  be  found  in 
the  diurnal  variations  of  the  additional  baric  gradient.  Under 
known  conditions,  the  latter  seemingly  appears  in  the  atmosphere 
as  a  supplement  to  the  basic  baric  gradient,  directed  in  accor- 
*  dance  with  the  general  arrangement  of  the  isobars  [1).  The 

additional  baric  gradient  causes  an  additional  vector  of  wind 
speed,  which  is  superimposed  geometrically  with  the  base  velo¬ 
city  vector,  varying  its  direction  and  value. 

^  Unfortunately,  not  one  of  the  suggested  qualitative  sys¬ 

tems  can  explain  all  the  phenomenon's  details.  Therefore  what 
is  needed  is  a  strict  quantitativ  theory,  but  its  construction 
presents  appreciable  difficulties. 

The  first  attempt  at  a  mathematical  explanation  of  the 
diurnal  pattern  of  wind  speed  was  made  by  B.  I.  Izvekov.  How¬ 
ever,  assuming  the  coefficient  of  turbulent  viscosity  to  be 
unvarying  with  height,  the  results  he  obtained  were  not  very 
satisfactory  [2]. 

M.  Ye.  Shvets  solved  the  problem  of  the  diurnal  pattern 
of  wind  speed,  hypothesizing  that  the  coefficient  of  turbulent 
viscosity  increases  to  a  certain  height,  then  remaining  con¬ 
stant.  He  considered  this  coefficient  to  be  a  periodic  time 
function  with  a  24-hour  period  [28]. 

The  result  obtained  by  Shvets  agrees  better  with  the  ob¬ 
servations.  Nevertheless,  the  explanation  of  the  diurnal  pat¬ 
tern  requires  a  further,  more  detailed  theoretical  development 
and  verification.  It  is  apparent  that  the  empirical  studies 
should  also  facilitate  this. 

In  conclusion,  I  wish  to  divert  attention  to  certain 
specific  results  of  our  analysis,  which  seem  somewhat  unexpec¬ 
ted  in  the  light  of  the  existing  concepts. 

Above  all,  what  is  very  striking  is  the  circumstance  that 
the  layers  with  the  clearly  expressed  diurnal  variations  in 
speed  attain  the  maximum  height  in  the  spring  months  rather 
than  in  the  summer.  This  phenomenon,  unusual  at  first  glance, 
proves  quite  natural  upon  closer  examination,  since  in  a  large 
part  of  the  European  territory  of  the  USSR,  the  height  of  the 
boundary  layer  and  the  coefficient  of  turbulent  mixing  reach 
the  maximal  value  specifically  in  spring  [ 16 ] .  At  this  time  of 
the  year,  the  distribution  of  the  meteorological  elements  in 
J  the  boundary  layer  is  affected  equally  strongly  by  the  thermal 
and  the  dynamic  factors  (in  summer,  the  dynamic  factor  has  a 
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lesser  value  in  view  of  the  wind's  slackening  in  the  annual 
pattern) . 

The  relatively  early  arrival,  in  sunsner,  of  the  phases 
of  the  diurnal  pattern  in  the  forenoon  hours  is  generally  known 
and  easily  explainable.  However,  in  our  view  it  is  not  simple 
to  explain  the  fact  that  the  increase  in  the  duration  of  the 
day  and  the  related  increase  in  the  role  of  the  thermal  factor 
does  not  lead  to  a  later  advent  of  the  afternoon  phase  (it  would 
appear  that  the  latter  should  occur  on  the  strength  of  the 
phenomenon’s  physical  logic).  In  this  sense,  the  mutual  con¬ 
vergence  of  the  diurnal  pattern's  phases  in  the  cold  period, 
when  the  effect  of  the  thermal  factor  becomes  barely  percep¬ 
tible,  appears  more  natural. 

The  results  obtained  do  not  agree  entirely  with  the 
popular  opinion  to  the  effect  that  in  the  boundary  layer,  the 
wind  speed  always  increases  with  the  height.  Even  the  obser¬ 
vations  conducted  in  Kharkov  and  averaged  for  5  years  permit 
us  to  detect  in  the  warm  half  of  the  year  a  considerable  de¬ 
crease  in  the  wind  speed  with  height,  starting  from  various 
levels  at  different  times  of  the  day.  Moreover,  these  obser¬ 
vations  indicate  quite  definitely  that  around  midnight,  the 
maximal  values  of  mean  wind  speed  during  a  greater  part  of  the  /118 
year  do  not  occur  in  the  upper  levels  of  the  boundary  layer, 
but  at  a  height  of  only  300-500  m  in  all. 

Let  us  recall  that  the  maximum  of  wind  speed  at  a  height 
of  300-500  m  was  first  discovered  by  M.  M.  Rykachev.  However, 
both  Rykachev  and  subsequently  Molchanov,  just  as  certain  con¬ 
temporary  authors  [27]  assumed  it  to  be  weak,  evidently  owing 
to  the  scantness  of  the  available  data  or  as  a  result  of  their 
diurnal  averaging.  Actually,  however,  as  the  observations  con¬ 
ducted  in  Kharkov  Indicate,  this  maximum  in  the  hours  around 
midnight,  especially  in  spring  and  summer,  is  not  only  suffi¬ 
ciently  strong  but  is  also  basic. 

A  certain  slackening  of  the  wind  with  height  Is  eviden¬ 
ced  by  the  data  for  Pavlovsk,  obtained  by  another  method  and 
averaged  for  another  5-year  period  [15]. 

We  should  also  stress  that,  according  to  the  analysis 
conducted,  the  average  wind  speed  in  the  upper  layers  of  the 
boundary  layer  in  certain  seasons  can  be  less  at  night  and 
more  in  the  first  half  of  the  day.  It  is  therefore  considered 
that  the  judgment,  expressed  half  a  century  ago  by  V.  A.  Khanev- 
skiy  [26]  and  repeated  until  this  time,  to  the  effect  that  to 
a  height  of  at  least  3  km,  the  maximum  wind  speed  usually 
occurs  at  night,  while  the  minimum  is  usually  during  the  day, 
needs  some  refinement.  Let  us  incidentally  comment  that 
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referring  to  Khanevs'iy ,  the  modern  authors  do  not  stipulate 
that  in  the  given  case,  he  relied  on  the  results  or  kite  ob¬ 
servations,  taken  in  an  annual  averaging.  Khanevskly  himself 
considered  that  it  was  necessary  to  stress  this  aspect. 

The  author  wishes  to  express  his  heartfelt  gratitude  to 
Doctor  of  Geographic  Sciences,  I.  G.  Guterman  and  Prof.  S.  A. 
Sapozhnikova  for  their  valuable  comments  and  advice  proffered 
in  the  writing  of  the  present  report. 
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(U)  A  discussion  is  presented  of  methods  used  to  determine  the 
characteristics  of  the  duration  of  sustained  wind  speeds  over 
plains  areas  in  the  Soviet  Union.  The  data  were  taken  from  the 
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senting  such  widely  distant  areas  as  Dickson  Island  in  the  Artie 
to  Kiev  in  the  Ukraine  and  Irktsk  in  Central  Asia.  Wind-speed 
intervals  for  open  flat  terrains  were  less  than  or  equal  to  2,  4 j 
and  greater  than  or  equal  to  5,  8,  12,  16,  and  20  m/sec.  Modal 
values  of  the  frequency  of  wind-duration  limits  (cases  in  which 
modes  for  hourly  intervals  and  those  for  more  than  1  hr  were  cal¬ 
culated)  were  used  to  construct  distribution  curves.  Analisis  of 
these  curves  failed  to  show  any  significant  differences  in  them 
either  for  the  various  stations,  wind-speed  limits,  or  for  seasons, 
i.e.  the  distribution  curves  related  to  a  single  law  of  distribu¬ 
tion  in  which  only  the  numerical  parameters  varied.  Orig.  art. 
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(U)  An  approximate  calculation  procedure  is  described  for  the 
determination  and  characterization  of  the  changes  in  wind  speed 
with  height  In  the  lower  100-m  layer  of  the  atmosphere  over  the 
forest  and  forest-steppe  (southeast  of  the  Oka  River)  terrains 
of  central  European  USSR.  These  variations  are  determined  by 
comparing  wind  speeds  measured  at  vane-heights  with  those  measured 
at  h  equals  100  m  from  radiosondes  and  pilot  balloon  launch  sites, 
and  pilot  balloons  (77  weather  stations,  7  pilot  launch  sites,  and 
18  radiosonde  stations).  Since  station  characteristics  varied 
widely, the  stations  were  grouped  by  such  characteristics  as  type 
of  terrain  (forest  of  forest-steppe),  openness  (visual  range,  de¬ 
gree  of  shelter),  type  of  relief,  proximity  to  water  bocy  and  type 
of  shoreline,  and  nearness  to  populated  areas.  The  mean  annual  wind 
speed  and  the  diurnal  amplitude  of  the  speed  in  July  were  taken  into 
account  in  the  station  grouping  process.  The  results  of  the  study 
are  presented  in  the  form  of  graphs,  tables  and  extensive  appendices 
which  show  in  detail  the  monthly,  daily  mean,  daytime,  and  nighttime 
relationships  of  wind  speeds  to  20  types  of  weather  station  positions, 
Orlg.  art.  has:  4  figures,  10  tables,  and  4  formulas. 
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(U)  A  method  i3  proposed  whereby  diurnal  variations  In  boundary 
layer  wind  speeds  can  be  determined  by  combining  rawinsonde 
measurements  made  at  6 -hr  intervals  in  a  24 -hr  period  with  those 
made  with  pilot  balloons  in  periods  intermediate  within  these  main 
inter /als.  In  this  method  the  results  obtained  from  the  pilot 
balloon  measurements  are  reduced  to  the  rawinsonde  data,  using  a 
method  involving  the  differences  in  long-term  values  of  the  mean 
diurnal  wind  speeds.  The  procedure  involves  the  individual  com¬ 
putation  of  the  long-term  mean  diurnal  wind  speeds  at  fixed 
heights  from  speeds  obtained  in  four  equally  spaced  rawinsonde 
ascents  and  for  four  other  identically  spaced  periods  in  which 
pilot  balloon  observations  are  made.  The  difference  between  these 
two  values  is  the  error  of  the  pilot  balloon  observations  relative 
to  the  rawinsonde  measurements  (with  the  opposite  sign).  It  It  is 
assumed  that  the  difference  Is  stable  for  all  of  the  observation 
periods,  the  mean  wind  speed  for  a  given  period  obtained  from  long¬ 
term  pilot  balloon  observations  can  be  reduced  to  the  value  of  an 
adequately  "mean  rawinsonde  measurement"  for  the  same  period,  i.e. 
Orig.  art.  has:  10  figures,  8  tables,  and  5  formulas. 


